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contains an area of weak homology to cyclin A andMore Cables to Abl
cyclin C. The authors went on to show that Cables bound
to Cdk5 and that it could function as a substrate for
phosphorylation by the Cdk5/p35 kinase. Interestingly,
there appears to be some form of competition for bind-Life is complex. Take for example the abelson gene,
ing to Cdk5 in that Cdk5/Cables and Cdk5/p35 proteinnamed for the individual who discovered a transform-
complexes can be detected but Cables/Cdk5/p35 trimo-ing retrovirus capable of turning normal cells into cancer
lecular complexes cannot. In addition to the C-terminalcells. abl was subsequently cloned from both the virus
Cdk5 binding domain, Cables has six potential SH3and from normal cells and found to encode a cyto-
binding motifs (PXXP) clustered around its N terminus,plasmic protein tyrosine kinase (PTK) that, in the onco-
two of which are similar to motifs known to bind the Ablgenic state, is essentially a constitutively active enzyme.
SH3 domain. Biochemical tests determined that CablesNormal Abl function is very important for humans. The
does bind to Abl and that a trimolecular complex ofmost glaring example of this is in chronic myelogenous
Cdk5, Abl, and Cables exists in vivo. These results pro-leukemia (CML). Almost invariably, all people who suffer
vide a critical link between Abl and Cdk5.from this cancer show the hallmark Philadelphia chro-
The merging of Cdk5 and Abl pathways opens a doormosome translocation which involves the abl gene. After
full of potential for speculation and future experimenta-decades of work by many scientists, great progress has
tion. For instance, how does the connection betweenbeen made at identifying roles for Abl in the cell. Yet,
Cdk5, Cables, and Abl fit into what we already knowdespite the many advances, there remains no compre-
about the normal biological functions of Abl? Some ofhensive model for Abl function. In addition to its PTK
the earliest insights into the normal functions of Abl werecatalytic domain, which phosphorylates substrates on
obtained in studies with Drosophila that began in Miketyrosine residues, Abl has a number of protein interac-
Hoffmann's laboratory in the 1980s. Indeed, the firsttion domains including Src homology domains 2 and 3
ªcableº to Abl is a gene called disabled, whose existence(SH2 and SH3), nuclear localization signals, and DNA
was pointed out 13 years ago as being a locus that,and actin binding domains. Abl is expressed in many
in the heterozygous mutant state, exacerbates the Ablcell types, is found in a number of cellular compart-
mutant phenotypes (Henkemeyer et al., 1987). By char-ments, can physically associate with a broad range of
acterizing such dosage-sensitive genes which can mod-
targets, and appears to function in a diverse array of
ify the Abl mutant phenotypes, a number of key proteins
signaling pathways. In the latest act of this molecular
that function in the Abl pathway have since been identi-
drama, Tsai and colleagues in this issue of Neuron (Zuk- fied. In addition to Disabled (a PTB domain±containing
erberg et al., 2000) add another fascinating piece to the Abl substrate), mutations in Enabled (a proline-rich, tyro-
story by discovering a novel protein, termed Cables, sine phosphorylated protein that binds Abl, Profilin, and
that links Abl to cyclin-dependent kinase 5 (Cdk5). actin), Dlar (a transmembrane tyrosine phosphatase),
Cdk5 has been a bit of a mystery in its own right. Trio (a Rac guanine nucleotide exchange factor), Chicka-
Originally discovered by virtue of its biochemical and dee (Profilin), Armadillo (b-catenin), and Notch (a trans-
sequence similarities to Cdc2, it was thought to poten- membrane receptor) have all been shown to modify the
tially be important in the control of the cell cycle (Lew Abl mutant phenotypes (Lanier and Gertler, 2000). Fur-
et al., 1992; Meyerson et al., 1992). In fact, Cdk5 appears ther expanding the realm of Abl, Disabled and Enabled
to be active only in differentiated neurons, where it asso- have themselves been implicated in important functions
ciates with a neural-specific regulatory subunit, termed in flies and mammals, including the Reelin pathway,
p35 (Lew et al., 1994; Tsai et al., 1994). Evidence sug- which is important for the normal layering of cortical
gests that the Cdk5/p35 serine/threonine kinase plays neurons (Cooper and Howell, 1999). Many of the path-
an important role in regulating N-cadherin-mediated cell ways these molecules function in are also implicated in
adhesion, neuronal migration, and neurite outgrowth, Cdk5/p35 signaling, most notably in cadherin±catenin
perhaps by its ability to phosphorylate and inhibit the signaling and in cortical layering (see below). Thus, even
Pak1 kinase. Like Abl, Cdk5 has possible connections without this new molecular connection between Abl and
to the cytoskeleton and human pathology. For instance, Cdk5, the two were already poised to converge.
recent data suggest that b-amyloid peptide can activate What is the purpose of Cables' ability to bridge Cdk5
Cdk5 kinase, which ultimately leads to the hyperphos- with Abl? All three proteins colocalize within cortical
phorylation of Tau (Lee et al., 2000). Hyperphosphory- axons, particularly in their growth cones. One interesting
lated Tau is then unable to bind microtubules and aggre- possibility is that Cables and Abl both function as adap-
gates into paired helical filaments, components of the tor or scaffolding proteins to bind to Cdk5 and control
neurofibrillary tangles that deposit in the brains of peo- its subcellular location in the neuron. Evidence for a
ple suffering from Alzheimer's disease and other neuro- noncatalytic adaptor-like function for Abl can be found
degenerative disorders. in Drosophila, where it was demonstrated that the kinase
To discover additional substrates for Cdk5, Zukerberg activity of Abl was not needed to rescue the mutant
et al. (2000) undertook a yeast two-hybrid screen using phenotypes (Henkemeyer et al., 1990). Instead, it was
a kinase inactive form of the protein as bait and identified found that two noncatalytic domains, one N terminal
and the other C terminal, were absolutely essential forCables, an interacting protein of 568 amino acids that
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normal Abl function and that this function was somehow ectopic Cables expression inhibited neurite outgrowth,
related to the ability of the Abl protein to properly localize while ectopic Abl had the opposite effect and resulted in
within the axons of the embryonic CNS. Interestingly, it the elaboration of longer neurites. Although it is unclear
appears that in addition to the Abl SH3 domain, Cables exactly what these in vitro assays mean for the function
also binds to two other regions of the Abl protein, one of of these molecules in vivo during brain development,
which is the C-terminal domain and the other undefined they do provide a system to evaluate potentially impor-
(presumably the N terminus or the kinase domain). It tant biological activities. For instance, it might be possi-
may, therefore, be possible that the trimolecular interac- ble to elucidate the roles of Trio, Enabled, and Profilin
tion between Abl, Cables, and Cdk5 is required for the with similar in vitro assays, particularly as they relate to
proper localization of the complex within the cell (namely Abl and Cables and ultimately in their potential regula-
the cytoskeleton), which could lead to the efficient phos- tion of actin and cytoskeletal dynamics at the growth
phorylation of the Abl and Cdk5/p35 substrates that cone.
affect cytoskeletal dynamics. If we stop and try to connect the dots, it is clear
It will be interesting to determine whether Abl tyrosine that Abl and its partners have multiple roles in neuronal
kinase activity is essential for Cdk5/p35 function and migration and axonal patterning, with a sum that points
what affect N-terminal and C-terminal domain mutations to Abl's most physiologically relevant function being the
of Abl might have on Cdk5 localization. A search of regulation of cytoskeletal events. This new connection
the Drosophila genome indicates that a Cables-related of Abl, Cables, and Cdk5 adds yet another potential
sequence is indeed present (GenBank accession num- mechanism by which diverse signals are integrated
ber AAF58349). This will permit genetic studies in the within the cell to control its architecture. The merging
fly to investigate if wild-type Abl protein is important for of Abl and Cdk5 is the latest in the ongoing search for
Cables and Cdk5 localization and whether mutations in an understanding of the signaling networks and protein±
Cables or Cdk5 modify the Abl mutant phenotypes (and protein interactions that govern cytoskeletal dynamics.
vice versa). The idea that Abl in mammals might have Clearly, this story is not over and much more research
an essential function in Cdk5 signaling that is indepen- will be required to elucidate the biology of this intriguing
dent of its tyrosine kinase activity and more consistent protein in attempts to understand why all these ªcablesº
with it acting as an adaptor is supported by mouse lead to Abl.
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